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FLOOR SYSTEMS 
A number of materials and systems can be used 
for floor construction over basements, crawl 
spaces, and for upper level floors, but in North 
America, wood is the most used material and the 
light frame joist system the most comm?~· 
This publication discusses the wood JOist sys-
tem, its supports, connections, details, and varia-
tions, along with brief descriptions of other wood 
floor construction systems. 
Light Frame Floor Systems 
In light frame construction, the main structural 
elements of the floor are floor joists (usually 2 X 8 
or 2 x 10 members) which are spaced 16" or 24" on 
center. These joists are usually supported at their 
outer ends by the foundation walls. Since most 
houses are wider than the typical joist span of 
12-16 feet, the inner ends are supported by one or 
more interior foundation walls, beams, or 
girders. In tum, the joists support the subfloo~, 
usually plywood, but sometimes structural parti-
cle board or boards. 
The subfloor provides the base for the finish 
flooring. Wood strip flooring is usually applied 
directly to the subfloor, but when resilient floo~­
ing or carpeting is used, an underla~ment 1s 
often installed over the sub floor. Sometimes the 
subfloor and the underlayment are combined into 
a single panel. In rare instances, the subfloor a~d 
the finish floor are laminated together and In-
stalled as a unit. 
Sills 
When the ends of joists rest on a foundation wall, 
a sill or sill plate is usually attached to the top of 
the foundation to serve as a base for supporting 
and fastening the floor joists. The sill plate is 
usually a 2 x 6 or 2 x 8 (sometimes a 2 x 4) 
bolted to the foundation. The foundation bolts tie 
the structure to the foundation and are installed 
when the foundation is built. Bolts should be 1/2" 
in diameter and no more than 8' apart. They 
should be embedded at least 6" in cast concrete, or 
in concrete fill at least two blocks deep in hollow 
masonry construction. Hardened steel nails, 
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Sill plate with anchor bolt 
either hand or machine driven, are sometimes 
used to fasten the sill plate to cast concrete 
foundations. 
Where high moisture conditions exist, or ter-
mite infestation is a possibility, it is recommend-
ed that the sill plates be of preservative-treated 
lumber (See Circular D7 .3, Pressure-Treated Wood). 
A sill sealer should be placed between the top 
of the foundation and the sill plate to reduce air 
leakage into the basement or crawl space. A fiber-
glass strip about 1/2" thick and 6" wide is usually 
used. 
Beam and Girder Supports 
Beams and girders are often used to support the 
ends of floor joists, particularly as intermediate 
supports. In this case, the girder runs the length 
of the house to support the interior ends of the 
floor joists. Wood girders, either nail-laminated 
or glue-laminated, or steel beams are used. A 
wood girder is usually assembled from three 
thicknesses of dimension lumber, with the butt 
joints of the pieces being staggered but located 
over the support columns or piers. The piers are 
usually made of masonry or concrete, bearing on a 
suitably sized footing. Sometimes short, pres-
sure-treated wood posts are used in crawl spaces. 
Pipe columns, wood posts, or adjustable base-
ment jacks are ~sed to support the girder or beam 
in basement construction. When untreated wood 
posts are used, they should be placed on a raised 
pad or plinth to provide good drainage. Other-
wise, water can be absorbed by the wood, caus-
ing the end of the post to decay . 
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• 
Wood girder on concrete masonry pier 
Frame Wall Supports 
In two-story construction, the ends of the second-
floor joists are supported on the frame walls of the 
floor below. A frame bearing wall is also some-
times used as a support in base~ents. 
Floor Joists in Masonry Walls 
When floor joists are used with masonry bearing 
wall construction, the ends of the joists are sup-
ported in pockets built into the wall. To reduce 
the possibility of moisture penetration and 
subsequent decay of the joist ends, the masonry 
should not touch the top, sides, or ends of the 
joists. 
Footing for wOod post 
F4.0 Wood Frame Floor Systems 
Floor Joists 
Most light frame buildings are built using "plat-
form" (or Western) construction. In this system, 
the floor is constructed on joist supports and 
forms a platform to support the wood frame walls 
and partitions which are erected upon it. 
Floor joists serve as the structural elements of 
the floor and span the area between the supports. 
The size (depth and length) of the joists are deter-
mined by the distance between the supports, the 
spacing of the joists, the floor design loads, and 
the strength and stiffness of the lumber. 
The joists are usually spaced either 16" or 24" 
apart (on center); however, a spacing of 12" can be 
used for unusually heavy floor loads. Span tables 
have been developed which conform to the Amer-
ican Softwood Lumber Standard PS 20-70. Until 
recently, three major woods were predominantly 
used for floor joists; Douglas fir, Western hem-
lock, and Southern yellow pine (a grouping of 
species). However, with recent changes in lum-
ber grading, other species are gaining wider ap-
plication. Joist lumber may now consist of mixed 
species, a wide range of densities, and mixed 
grades. 
Selection of Floor Joists 
Two factors are considered in selecting floor joists: 
a. strength, to prevent structural failure, and 
b. stiffness, to reduce the amount of deflection 
(sag) and vibration or bounce. 
In most cases, stiffness is the controlling factor. 
The stiffness of a floor system may be increased 
by using a better grade of lumber, but the best 
way to reduce deflection and bounce is to shorten 
the span of the joists and/or use a deeper joist. 
In general, a 2 x 10 joist is preferred to a 2 x 8 
for the same span and spacing. Using the same 
grade of lumber, the floor will be twice as stiff 
and use only 25°/o more lumber. When 2 x 10 
joists are used on 24" centers compared with 
2 x 8 on 16" centers, the 2 x 10's are 38°/o stiffer 
and use 16°/o less lumber. Part of these savings 
may be offset by the need for a thicker sub floor. 
The floor can also be made stiffer by reducing 
the span of the floor joists. In general, the joist 
span should not be longer than 16 ', and prefer-
ably 14' or less. As shown in the table on page 4, 
longer spans can be used, with less satisfaction. 
Occasionally, a floor can be framed with two 
or more rows of support beams, allowing joists to 
be both shorter and shallower. 
In the following table, the deflection is limited 
to the span in inches divided by 360, with the 
maximum deflection allowed being 1/2". The span 
is the clear distance between the end supports. 
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MAXIMUM ALLOWABLE SPAN FOR FLOOR JOISTS 
Joist Size and Spacing 
2 X 10 2x8 
Species and Grade 16" o.c. 24" o.c. 12" o.c. 16" o.c. 
Douglas Fir-Larch #1 16'-6" 14'-11" 14'-8" 13'-4" 
Southern Pine #1 16'-3" 14'-7" 14'-5" 13'-1" 
Douglas Fir-Larch #2 16'-3" *14'-4" 14'-5" 13'-1" 
Southern Pine #2 16'-0" *14'-1" 14'-2" 12'-10" 
Hem-Fir #1 15'-9" 14'-0" 13'-10" 12'-7" 
Douglas Fir, Southern #1 15'-6" 13'-8" 13'-6" 12'-3" 
Hem-Fir #2 15'-6" *12'-9" 13'-6" 12'-3" 
Douglas Fir, Southern #2 15'-3" 13'-4" 13'-2" 12'-0" 
Douglas Fir-Larch #3 *13'-6" *11'-0" *12'-2" *10'-6" 
Southern Pine #3 *13'-1" *10'-8" *11'-10" *10'-3" 
• Maximum span limited by bending stress 
The above recommendations are calculated on the physical properties of the various species of wood given in Design Values for 
Wood Construction, a supplement to the 1977 edition of National Design Specification for Wood Construction issued by the National 
Forest Products Association. 
Joining Joists 
Since joists are seldom available as long as the 
width of the house, two or more pieces must be 
joined at some point, usually over a support. The 
joists can be lapped or butted. When lapped, the 
lap must be a minimum of 4" and should be a max-
imum of 12"; when butted, they should be con-
nected with a splice plate of wood, plywood, or 
metal. A splice plate is not necessary with a ply-
wood subfloor if the plywood sheet straddles the 
splice. 
The joists also can be cut to fit into a steel 
beam, or be supported by a wood plate on the top 
flange of the beam. If floor joists are to be framed 
into the side of a wood girder, they should be sup-
ported by a metal joist hanger or wood ledger 
strip. 
The metal joist hangers should be selected ac-
cording the manufacturer's design information. 
The method of supporting the joists affects the 
installation of plumbing and ducts. Duct installa-
tion is easier when floor joists are supported on 
the top of the girder. This allows the piping and 
ductwork to run from one side of the house to the 
other by passing between the joists and over the 
girder. When joists are spaced 16" on center, there 
is a duct clearance of 13"when the joists are lapped 
and 141/2" when they are butted. 
When the joists are framed into the side of the 
beam or girder, the pipes or ducts must either 
enter the floor adjacent to the beam or drop below 
it. Beams and girders should never be cut. 
Framing the joists into the side of the beam or 
girder provides more headroom in the basement 
Joists lapped over beam Joists butted over beam Joists cut to fit into beam 
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or crawl space, except where ducts must be 
dropped below the beam. It also reduces the 
problem of differential shrinkage. Even when 
"dry" lumber is used, it does dry further in the 
house, and a joist may shrink as much as 3/4". 
When the joist is supported on a foundation or 
steel beam, that is the total shrinkage. However, 
if one end is supported on a wood girder which 
also shrinks 3/4 ", the floor will slope toward the 
center girder. 
A structural member that is continuous over 
two or more spans deflects less than individual 
pieces each covering one span. To take advantage 
of this, some floors are built with the joists spliced 
in-line using structural splice plates. The joists 
are cut to length and joined with plywood plates 
(preferably glued) or metal plates. Continuous 
joists are also made with glued finger joints. This 
allows the use of shorter lumber and the removal 
of large knots and other wood defects. 
Most building codes specify doubling or 
adding extra floor joists under an interior parti-
tion parallel to the joists. The doubled joist is 
essential under a bearing wall (a wall supporting 
the floor or roof above). Extra joists may not be 
necessary under non-load-bearing walls where 
trussed roofs are used. 
Special care should be taken in planning the 
house so that no floor framing members need to 
be cut to install plumbing, heating, or other 
mechanical equipment. All pipes should be either 
between or under the joists. For chimney and 
stair openings, or poorly planned mechanical in-
stallations, the floor joists must be cut and extra 
members added to support the floor loads. Trim-
mers are extra members running parallel to the 
joists, headers those perpendicular to the joists. 
This framing can be simplified by using metal 
framing connectors. If absolutely necessary, the 
joists can be notched to a depth not to exceed 1/6 
the depth of the joist. The center third of the joist 
should not be notched. 
Header or Band Joists 
The header or band joist is usually the same size 
as the floor joists and is nailed to the ends of the 
floor joists and to the sill plate. The band joist sup-
ports the exterior walls, holds the joists in place 
until the subfloor is attached, and provides a nail-
ing surface for the wall sheathing and siding. A 
thinner member I such as a 1 X 8 or 1 X 10 can be 
used. 
Bridging 
Traditionally, bridging has been used to distrib-
ute the floor loads among adjacentjoists. Bridging 
can be pairs of 1 x 3's or 1 x 4's cut to fit between 
adjacent joists, or metal units acting similarly. 
Solid blocking, also considered bridging, is made 
of pieces of joist material nailed between the 
joists. In most cases, the bridging is installed in 
the center of the span throughout the length of the 
structure; Most builders now believe that bridg-
ing is unnecessary; however, research is contin-
uing with particular attention to floors subject to 
vibrational forc/s. Because its value is question-
able, many builders have eliminated it. 
Sub floor 
The sub floor, which is the first layer of material 
attached to the floor framing, provides a work 
deck for later construction as well as a base for the 
underlayment or wood flooring. The subfloor 
may be of boards, plywood, or other sheet or 
Joists spliced with plywood plate Joists spliced with toothed metal plate Joists supported on metal framing connectors 
F4.0 Wood Frame Floor Systems Page 5 
Wood bridging 
Metal bridging 
panel material which transfers the floor loads to 
the joists and to which underlayment can be 
attached. 
Traditionally, nominal 1 x 6 boards were ap-
plied at a 45° angle to the floor joists. The boards 
were either square-edged or edge-matched. Ply-
.· . 
• : ·t;;}~l:;}::::\,{ff•t;;f ... :i--t"".-.·.' -. _.,,,...,__,.,.,_,,. '" " "'-~.-.... 
Solid bridging 
wood is now the most common sub floor, applied 
in 4 1 x 8 1 panels with the length perpendicular to 
the joists. The thickness of the plywood depends 
on several factors, including joist spacing, under-
layment material and thickness, location of non-
load-bearing partitions, and the finish flooring 
Typical wood floor framing system 
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Tongue-and-groove subfloor 
used. The underlayment or finish flooring is im-
portant because it may contribute to the desired 
stiffness. Plywood subfloor is usually marked to 
indicate maximum floor joist spacing. Thick-
nesses of 1/2", 5/s", and 3/4" are most common. 
Structural particleboard also may be used. 
It is becoming more common to use a con-
struction adhesive between the joists and the 
sub floor. The adhesive makes the floor system 
stiffer and tends to reduce floor squeaks. Fewer 
nails or fasteners are required. Elastomeric adhe-
sives are available which can be applied in cold 
weather and will bond to lumber wet by rain or 
snow. 
Underlayment 
The underlayment is a smooth-surfaced material 
applied over the subfloor to provide a smooth 
backing for the finish floor. It also provides some 
stiffening to the floor system. It is applied after 
the rough carpentry and interior finishing is 
done, or just before the house is completed. The 
three common underlayment materials are hard-
board, particleboard, and underlayment-grade 
plywood. The surface is manufactured for adhe-
sive bonding of resilient flooring such as lino-
leum or vinyl sheet goods or tiles. The smooth-
ness of the underlayment is critical for resilient 
flooring, and it must be carefully nailed and the 
edges finished to prevent "show through0 of 
imperfections. Likewise, it must be protected 
from scarring and dirt during the final stages of 
construction or additional sanding and cleaning 
will be needed. 
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A special plywood combination subfloor-
underlayment permits the installation of both in 
one operation. It has tongue-and-grooved edges 
and a top surface of underlayment quality. It is 
often installed with adhesive in the joints as well 
as on top of the joists. It is usually used with car-
peting; if resilient flooring is used the surface 
must be carefully protected, and resanding may be 
needed. 
Special Floor Systems 
Other floor framing systems include lattice 
girders, parallel-chord trusses, plywood box 
beams, plywood-web beams, and floor panels. 
Most of these special systems are engineered for 
specific projects to provide dear spans for base-
ments or for floor systems in apartment or com-
mercial buildings. They are sometimes used to 
support a special plywood sul;>floor designed for 
wider joist spacings, usually 48" on center. The 
sub floor is attached to the top of the beam and the 
ceiling materials for the floor below to the bottom. 
Lattice girders were among the early systems 
developed for long spans and wide spacing. They 
are made with dimension lumber top and bottom 
flanges and a metal latticework web. 
A later variation, and the one now most com-
mon, is the parallel-chord truss. It is made of 
2 x 4 chords and web members, joined with 
metal connector plates designed for the specific 
use. The top and bottom chords are in a flat posi-
tion, separated by short diagonal members. The 
web members can be placed to provide space to 
run pipes, wires, and heating ducts within the 
floor system. The 31/2" surface of the chords pro-
vides a wider base for attaching floor and ceiling 
LaHice floor truss 
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Parallel-chord floor truss 
materials. There are a number of manufacturers of 
metal connector plates who provide engineered 
designs and fabrication instructions for these 
trusses. As with joists, long spans tend to sag or 
bounce more. To get the same quality of construc-
tion suggested in the previous joist table, the 
maximum deflection under design live load 
should be no more than 1/2". 
Plywood box beams are made of structural 
plywood nailed and glued to lumber flanges. The 
plywood-web beam is made of a single-thickness 
plywood web glued between lumber flanges. 
Panel Systems. Several types of floor panel sys-
tems have been used. Most consist of panels 4 1 
wide and 8 1 ·or more long, shop fabricated of ply-
wood and lumber members. They are supported 
on steel or laminated wood beams 48" on center. 
Another system uses a stressed-skin panel made 
of plywood top and bottom faces glued to a 
lumber framework, often filled with insulation. 
Special Considerations 
Insulation. It may be desirable to insulate the 
floor over crawl-space or basement construction. 
Batt-type insulation can be supported by wire 
mesh or by support wires sprung into place be-
tween joists. Stapling the flanges of paper- or foil-
covered batts is not an adequate permanent 
support. Pipes and ductwork should be above the 
insulation. Aluminum foil, polished on both 
sides, sometimes supported on reinforced kraft 
paper, is a good insulation against downward 
heat flow, and is easy to install. 
Vapor Barriers. A vapor barrier,* such as poly-
ethylene film or aluminum foil, should be in-
stalled on the warm side of any insulation. In 
addition, a vapor barrier should cover the soil 
surface in a crawl space. Decay of the floor joists 
• Also referred to as a vapor retarder . . 
Page 8 
and girders can occur if the moisture in a crawl 
space or basement is not controlled. For venting 
requirements see Circular f4.4, Crawl-Space 
Houses. 
Sound Control. A number of things, including 
the use of carpeting and padding, and suspend-
ing a ceiling on spring clips or hangers, ·.vill 
reduce sound transmission from floor to floor. 
However, the total acoustic performance of a 
building depends upon every detail of construc-
tion, contents, and surroundings. Good sound 
control is best achieved with the help of a profes-
sional acoustic consultant. 
Room Over a Garage. Floors built over an unheat-
ed garage should be insulated, and a vapor barrier 
installed with care to prevent gasoline or engine 
fumes from entering the rooms above. Most codes 
require that both the walls and ceiling of the 
garage have an interior finish covering. 
Termite Control 
Subterranean termite control is important in the 
areas in which they occur. Good construction 
practices can help prevent an 'infestation. 
Untreated wood members should be placed 
well above the soil. Most codes require that un-
treated wood be a minimum of 8" above the grade 
line. A preservative-treated sill plate is used by 
some as a deterrent to termites, but unless the en-
tire floor system and the wood elements of the 
wall are also of treated material, termites can enter 
the structure and attack the untreated wood. 
Treated wood is more resistantto fungi and decay-
causing organisms. 
Although used for many years, and still re-
quired by some codes, metal termite shields have 
not proven effective in blocking the entrance of 
termites. The shield is seldom installed correctly, 
and may give a false sense of security. For exam-
ple, the joints in the metal shield are seldom made 
properly and the holes for the foundation bolts are 
usually not sealed. The recommended extension 
of angled edges over the foundation is rarely pro-
vided, and the interior edge is often covered by 
the interior finish in a basement. Copper-plated, 
asphalt-centered kraft paper is commonly used, 
which is an inadequate substitute for solid metal. 
Though ineffective against termites, the shields 
may prevent the movement of moisture up into 
the wood members from the foundation. 
Chemical soil poisoning is the only acceptable 
effective means of subterranean termite control. 
The chemicals used are extremely toxic, and 
should be applied only by reputable pest control 
operators. Additional information on soil treat-
ment is available in Circular F2.5, Termite Control. 
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